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ABSTRACT

The skill score § = (R — E)/(T — E) (representing R actual and E expected successful categorical forecasts
in a total of T forecasts) remains a valid tool for assessing the overall quality of current probabilistic long-range
forecasts, which start from categorical subdivisions of the forecast area. The skill score definition is modified to
become a chi variate with one degree of freedom. Two sets of skill scores computed from forecasts of U.S.
monthly precipitation and mean temperature are shown to have frequency distributions of similar shape with
nonzero means and standard deviations generally corresponding to smaller independent numbers of verification
points than those actually used. The largest skill scores of those examined were obtained for recent precipitation
forecasts during a period when forecasts using only climatology were similarly skillful. This suggests that co-
operation on part of the climate system remains an essential success ingredient in extended forecasting. A
sequential procedure for monitoring the changing level of operational forecasting skill is described.

¢

1. Introduction

The skill score has long been the standard tool for
assessing the success of long-range forecasts, alongside
more sophisticated methods involving pattern recog-
nition (Somerville, 1977) and empirical orthogonal
functions (Bettge et al., 1981). The new probabilistic
forecasts which were started in midsummer 1982 (Gil-
man, 1986) add to the previous categorical subdivision
of the forecast area extra lines indicating the forecasters’
level of confidence that not only the right categories
have been picked but also the regions of the larger
anomalies. The simple categorical choices however re-
main the first steps in the forecasts. Moreover they
provide the basis for historical assessments of changes
in forecast skill since the beginning of long-range fore-
casts. This makes it worthwhile to examine the fluc-
tuations that could occur in the skill score by chance.
For this purpose a theoretical sampling distribution for
the skill score is derived in this note and compared
with the distributions of two sets of operational skill
scores.

2. Definitions

The most common skill score definition is based on
a contingency table of the form shc;wn in Table 1. De-

noting the sum of the diagonal, ¥ x;, by R and its
=1
expected value by E, the skill score S is defined as
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Different definitions have been used for E, the total
number of successful forecasts expected to be obtained
by chance. In the original skill score proposed by Pan-
ofsky and Brier (1963)

Xi.-X.i

E=2 T ()

This has been shown by Livesey and Skilling (1985) to
minimize the information of the table (maximize its
“Shannon entropy”). The main operational definition
now in use by NOAA’s Climate Analysis Center is

E,=0.3(x.1+x.3) +0.4(x.5). 2)
This has the (largely cosmetic) drawback that it does

not give a unique minimum value to S; writing E; in
the alternative form

E2=0.3(T—x.2)+0.4x.2 =0.3T+0.1x.2
shows that for x., = 0, E;_,, = 0.37, S;,,, = —3/7; and
forx., =T, E, , = 04T, S,,,, = —2/3.

A modified form of E, that avoids this uncertainty
and simplifies the theoretical results is

T

E;= 3 2"

Then S = 3R/2T — Y2 and Sy = —Y, irrespective
of the structure of the diagonal.
3. The sampling distribution of §

A statistical significance test appropriate for the full
three-way contingency table in Table 1 with expected






